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&imn:^'y'^:^VmiZXSnm}l n^O^mt^ibfi?,^ 
^ 3 0 4 ^ti4 ;i ml^ffM-r^o ^ 
•0 S i 0,K75^P>/jJ5^ffiil#^g-^;^^3 1 0^ 

nmu I n203M^>t/i5J»ai4]igj^g.^^^ 3 q ^ 

-h<^s i o.mi^^fi^ts&mM^&^^^ 3 10^ 

l^^t-So ^ror^rifj. <l l-20>;^|pijc4i2w 
m«S n^ I n203S;5.C,/j^5^«^4a^g_,;:^^ 
3 0 42)5, Si 0.mi)^s^fj:^m^mSil&S-^:^^ 3 

» 08 (a) iZTfrt, 



(7) 



[0 0 4 31 SS, MOCVDj|B(^|c-(D^acyN-^ 

mxu mm.imm.s-^^iS' 304 tt&mmi^& 

■^^.p 3 1 0±{C«Sig^i 0 5 Ot;iCTnSG a N^P 
a{k«305^ff$4ym, nS^Alo.osGao.asNi? 
7-;.K^3 0 6Sr*$0. 3;.mT-a«U 
7 5 0t:i^T(f, /VK-^Ino..Gao.aN#F«^ 
i?$2nmT'2Si:y>K-:/l no.oiG ao.aaNf^S 
«Srff$5nmT-3«(^I n G a N^Si^^^l:^^ 3 q 

7 sras m:immm^ i o 5 cct^^iaLp^A 1 

o. osG a o. 9sN^ 7 K» 3 0 8 0 . 3 ^ inT\ 

P^GaN^^-^^ |.g30 9^ff$0. 5 m-CWSJJ: 

tL/hil^ff:L.-1f5||^tr08 (b) {OTt-r, 
[0 0 4 41 JiCfC. a^«itfl:^MOCVD»gJ;K)fj 
►JffiU PSGaN^ViJ'i? hS3 O 9±(;ip^fl;;^3 

-^^^'irLT. a««ig«:cD-gp^^.>5-i.^Ln^G 
aN^i^iS'^ ha3 0 3^gtli$-tJ:, r<D±ic:nS«)g 

3 1 2^ffM-rSo •tl±*T-(Cf^$;^fcij£^<$:i, ^^ 

^^^cDStigX^ffilD^glg (c) {OT^-r. 

[0 0 4 51 ^»J;5{rLT, f^$^fc^J£f^^(7)ij^ 

GaN=.:^>5r^f.g303 ^gj^ Smfe5ff^/?gT-# 5 
S*^«-^^^±<^GaN^i{^^^a(:im-5® 

N=>:/^^ Hg3 0 3. ««ffiiTOes-7;;^i.3 04 
n^GaN3FS{lia3 0 5, n^A 1 G a Ni^' 7 y Kg 

3 0 6 5r^LT#Si^#FS<4g3 0 7»caA$ti 

4 ~ 5 V ^r-rs i: ;45T-# 
[0 0 4 61 ^e>iC, ^IgP^T'tt, p^Wg3 1 

3 0 4 LT 

r HfrfE»«ttsj?^;g-^^^ 3 0 4wti 

^ 3 1 o\tnmmtmt LTro«itg^*-rsfc*, «»g 

■!f^^^Sr6 0t:#HS[4'T% SmWidTftMli^^n 
li LfcSr. 1 0 0 0 0 i^rBlcD#^^5t^x-# 

[004 7] Lmmmm4] m 4 \z:^mn<Dm.itii y 

■^rmm^O l±{z^ A 1 N^<.y7TS4 0 2, nSG 
aNn^-^i? J.S4 0 3. (Sn 
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^DlnzOag) 4 0 4, nSGaNTOt^4 0 5, 
nSA 1 o. osG a o. ssN^ 7 y h-a4 0 6 . /V h'-^ 
I no.2Gao.8NS^^#FSiy>K-:/l no o.Ga 
o.99N|^^;).P,/£S I n G a N#a»^#Fg4 0 
7, pSA]o.o5Gao.9sN^7-;/KS408, nSA 
lo.osGao.9sNagS|5§Jhg4 8 8, p^GaN=i>';J' 
i5'hg4 0 9, pSmffi4 11. nS®S4 1 225»f>« 

0/im, 5 0 0/zmT-feO, !f*^^ff^ 

[00481 «T(3, |219<75 (a) (c) 5rfflV>T 

mi tmmtLit. 

[0 0 4 91 ii*, MOCVDSIglCTf-^T'frSS 
4 0 1±{C. AlN/-53/7r«4 0 2^$5 0nm, n 
S!GaN=i>'i5'i5'hg4 0 3ff^5/.m^ag-t-S„ r 
Wr^^yv-^, -S. MOCVD$|gJ;t)Stt)fcbU n 

^fi-v;^^4 0 4^Ji:^0. 3umWM-t^.mz M 
e>^.C5S*Mg-v>^i5'4 0 4^ti3«m. WSiSr5~7 
203g;5>P,/j:5^«ttigj^^^;^^ 4 0 4 ^n^G a 
N=.^'i5'iJ'hg403 ±{ca^fe^jfM ^tX,?>^ti:f£ 

E0^@9 (a) iZTH-To 

[0 0 5 01 nm. MocvD^m-f^izmmt^^mx 

30 L. ^ 4 0 4 ir n SG a N a ^J? 

Hg4 0 3±{rSte?aSl 0 5 0t:(crn^GaN^S 
fM4 0 5^/^5=4 ;.m, nSJAlo.osGao.9sN^7 
5/ KS4 O 6 0.3^ mT-«a L, »E?aS^ 7 

5 0 t^fcTff , y > K-ri no. 2G a o. sNS^^Fg 
^i¥$2nmT'2^iy>K-ri no. o. G a o. ««N|« 
^^ff$5nm-C3gCDI n G a N#a*-?#Fg 4 
0 7 Sr«g 1 0 5 0 'CfC#ffi L p S A 

lo.osGao.ssN^^s/ Kg4 0 S^il^O. 3iim 
r\ nSAlo.o5Gao.8sN«iiS|5ajJ:g4 8 8^0 3 

[00 5 11 -^. mnmmi^^MocvDm&j:*) <> 

— SrSfJfflU ^5'^>r{Ci^nSAlo.osGa 
o.9.5Nm2iS|5ijl:®4 8 8(cr^nSi54 4 1 ^Jgfigi-^, 
IEggngi54 4 1WJg^teg,j:, SiS^OT^^JCffigVs 

4 0 4 ff):^-t^mmz{m-r 

[0 0 5 21 Wm. MOCVD^gF^dBylS-^^n^N-^ 
«AU MDgiJ4 4 1. nSA lo.osGao 9sNas£|51 
Jfcg 4 8 aRV^pMA 1 o. osG a o. «sN^ 7 5. Kg 4 0 
50 8±|Cp®GaN = i-^^ hg4 0 9?r»$o. 5^m 
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<om^i.mimm^m9 (b) {z^To 

10 0 5 3] mz, aS«:S:MOCVD$^BJ:9®»)t[J 
U P®GaN3i>>5'i5' hS4 0 9±|Cp^'fl;1l4 1 1 
^m^-t^, mz, n^GaN^>^ 
if h«4 0 3SrSJ±i$-fr. ZCD±lZnmmM4l2^m 

(c) ic7j^-r„ mmz':7:^y^-=tm^(D-^iz^.y^[z 

So 

10 0 5 4] *»iSJK^roi|£«^J: I^-if i^^^T-H, n m 

mm4i2 (tmmimm.R-^:^^ 4 o 4 i rnizw^^ 

^^tlltuMGaNz^^ffi^ K®4 0 3(wffM^nT*J 
fJx ttiSJln^GaNa:^^^ Kg4 0 3. ^fli'ttiU^ 

fi)cS-^X^'4 0 4*fcl4n^GaN3}Zafl:«4 0 5. A 
1 G a K«4 0 6 ^ifhLTS14S4 0 7 f^^A 

mttilJ^^fi-^Xi^ 4 0 4±(DG a Nm^^i^&^^m 

5~14Qt?fciJ, 5mWtiJ;^^rot!lf^mBEJ43. 9~ 
4. 8Vi:{g;<T*#fc„ 

[0 0 5 51 *IIJgff^^T-(4. nSA 1 o. osG a 

o.B6Nmgfi|5ajfc^4 8 8 i LTnSA ] G a NS^Sffl 
iiJSfetAl GaNS^igfflLTta<. 

fc„ Sfc. «sKiiKT-fo5g3ngi34 4 1 (DiiLmt LT 
(4. 4 0 4(Dmi$.(D±mz^m-t 

^x^iznMi-^ztAK 'isi^mmtmmizm-^L\,\ 
[00 5 6] $ :^mmmm<ottm9i: lt, 

ttW?fi!cS-v'X^4 0 4S:, ±<m-(D^-( Xcom^ii 

*^Sgt« 1 5 ~ 2 3 Q i: , ^ 
4 0 4 Srigffl Lfc»^ i Lfc„ J: o 

T, mismz-^T.^ t i^xmwm%:mm-ti>^^t,m 

10 0 5 7] ^P>(c, *%0J(ciol,>r> pS/m«4 11 

^^f>eti^$^fc«»S(4. ms?Ei5aih«4 8 8{zmf&^Mz 
r^psi54 4 1 xmMAmm^H. $ imm<oT:^ 

mt:ffD '>J^m^t^^^^f^u—fiim^xtfz. *|| 
igJg^g^ WtStt^^ 6 0 V^mn^. 5 mW(D^ 
f+TT-^ig LtztZ^, 12000 B#rBmJiro#^;455i 

10 0 5 8] immmm 5 ] m 5 j::*ig?q<7)a{k;y y 

l§?q<^^ft: U-if *^«it,4, n mc a NS« 5 0 1 
±iZ. nSGaN^<:y7rS5 0 2, n^GaNgSO SO 
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3. n^^S b^JjDSn02S*^?3;'^5»«ttil^^£5-^ 
^^ 5 04, S i 02^;5>f,/j:5*fe^ffigm5^^^ 
5 10, P^Alo.o5Gao.95NmflKffljl:S5 5 5, n 
SJA lo.iGao.9N^v> K«5 0 6. y K-:^ I n 
o. .G a o. sNM^^^m ty> K-y I no. o. G a o. «, 
N|Et^*>p5^5I nGaN#a»-^^#F^5 0 7, p 
SAlo.iGao.aN^7s/ K^5 0 8. pSGaN=iv 
^'iS'hgSOg, pS«®5Il, nS««5 12*^t 

«fi!c$tL•C^^5„ ^5'::7"f-^X(4^4 oowm. ft^e 

[0 0 5 9]"«TI^Iill (a) A>h (c) ^fflV>T 

:h^^nm\zm.m-t^. ^sm. vmmn. 1 1 imi^. 
mi tmmti.tz„ 

[0 0 6 01 MOCWUmmzX. W«ttnSG 

aNSS5 0 1±{r, nSGaN^<y7r@5 0 2S-ff 
$35nmT, n3!G a N=> 5 0 3 Srff $ 1 

0 M mT-aS-t-^o 
20 [0 0 6 1] ag^^^MOCVDj^MJ;'95tt)ai 

il*^S:-^^^5 0 4*J¥$0. 5nramim-^o 
X\ ShmaSn 02:h^Sbfj:^mmEmil&&-7y^-!7 5 
0 414, :^^<-y^m^m\.\ fmimit3 5 0i)^h4 5 
0'C^CT^T5 7t«), Sn^I naOsOfiglKia^itj^g; 
®{wTmT'#5fcJ6, litbLfcnSGaNn^^iJ'^ h 
S5 0 3«ffi{c*fLTJ;'9»*Lv^ mmm2 

tmmfmf$.:}3m\zx. mrn^mm.*^:^^ 5 0 4^ 

i^5um<r>:^V=7-(^'^\zmm.ir^, ^z^ <1 1-2 
30 0>;fer|6j{c;7; h7^^:yt(^nSGaN=:^i5'^ Kg5 0 
3 ^504t (Omm*'^ 10 lira 

tf£^i.OiZ^ *i;J5^-J2 8 OymCDS i O270»^/i5Jfe 

mimim.^-^^-^ 5 1 o^ff^^-rso ijAji^T-tcf^ 

(a) (C^-Tc 

[0 0 6 2] SS, MOCVDJISi^lCHinEU'ai/N-Sr 
SteiaSl 0 5 O'CJCTpSa 1 o.osG ao as 
N«»E|5ajh« 5 5 5 ^^J?$ 5 w 

if 5 O 4 ^ffiiCT)^ pas 5 4 4 (7)4is;45 3 mt;i/<C5 i 9 
0 6 ^F^)5!c:S L. p SA 1 o. osG a o. 95N 

mzi^iaitS 5 5 5 ^ffMi-?.„ mz^ p SA 1 o. osG a 
o. asNmgfcfajhS5 5 5 irr^pgi55 4 4^®9j;pjcn 
^Alo. .Gao.^N^^ y K«5 0 6^J?$0. 3 ^ m 
T-aS SS?ag^ 8 0 0t:(CT»f, W.^ 2 nmOy 
> K-:^ I no. 2G a o. sNS^^^F^ 2 ^ i: 5 n m 
«y VK-n no.o,Gao.»«Nf^M«3S(D#aft^ 
^/-^ 5 0 7 Srag L. J!>:t;SteiaS 1 0 5 Otlc^ffi 
UpSAlo..Gao.9Ni^7.yKS5 0 8^/5:^0. 3 
MmT-, pSGaNnViS'i? hg5 0 95ri¥^0. 5^ 

r^x-mmm-r^o ^^±^x'\zmsi^titzm^Tmsxm 



IS 

0*1)1 0 (b) iZTji-to 

10 0 6 3] ikiZ^ mmf^i:MocvDmmxr>^t)m 

^mio (c) *^(r-j'aiy>-^Hija!cD-+&ic 
10 0 6 4] ^mmmmizis^^xn. nmwms i 

nSGaN^^i?^ H« 5 0 3 (CJgfig^iXTV^Sfc*!), 
^ttffiimg-^^^' 5 0 4, if6MH4iS*?^e-e;^>? 5 

fet{k*J iO^Sbf^SEft^JU^j Sg^gSt 8-20 

[0 0 6 5] ^^tr, *jgffi{^fc^xTjs. mmmtm^ 
A 1 *-^tf»(^T«^i-?. c t (cj; 13 , ma^(Dmwm 
^R:)7mmzwm^ti. ^(D±{z^mm%:mi&-r^tT 

So 

[0 0 6 6] Sfc, *ll*fe?F^«T-«n?afl:fii:^n^G a 
Nri^^jJ' hg5 0 3^ffi(C|Slt/c^5, ^m^4XffiT-fc 
5 n SJG a NSS 5 0 1 n Sft^^JFM LT 

fc^<. r<^)^0*^gM(i5~l 6Q, «)f^«ffi{i 
3. 8-4. 3V<t, nSGaNn^-^^r i,g5 0 3{r 
nS«ffi5 1 2 *^{tfc^{cJt'<, ^ti^n<Dm^i& 

W^f1:TT-CD#^« 1 5 0 0 O^ra-efeofc. 
[00 6 7] 

m t mwsm^^-^:^^ \^x1mm\zm.^f^,^ 

[00 6 8] ^ P,(C(±, ^«14il*?^ft-vXi5'^a:g(?5j^ 4 

[liIE»ffl!m/j;!ft?q] 

m 1 ] ^mmnmmum i (^sfk^y y -^A^ft-^^^jt 
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[El 3 ] 3 (Dmit:» 'J ^j^mt'^m^ 

[04] ^^m<Dmmwm4(Dmt^v <yj-mifB^^ 

[in 5 J *M?g<^mff^^ 5 «gfk;(f y A^{k^4^i}^ 

[06] mtmm 1 ^sfk:*/ y ^ j^m<t^^i$: u~ 
[07] mm^m 2 oafk;*^ y j^j^i^^^i^^ 
[0 8 ] -mmm 3 roa{k;«r y ^^^t^i^ii^^^ 
[0 9] ^igfl^s 4 (omtii y !> 

[010] mff^ffi5©g<k;{fy !>A^fk^i^ij^ftju 

[011] m^nmtn^) t?j^m\L-^m^v^u-^(n> 

1 0 1> 3 0 1. 40 1 1^7r^r^;K 

10 2, 3 0 2, 40 2 AlN^^-y^rS 

1 0 3, 2 0 3, 3 0 3, 40 3, 5 03 n^GaN 

^^^^^ vm 

1 04, 204, 304, 404, 504 ^affigJ? 

10 5 itSSSiG a N«jiffi|iajh® 

1 06,206, 506 n^Alo. ,Gao bN^'vv 

vm 

30 107 I nGaN*-i^#FfSl4S 

1 08, 208, 508 pS^A lo.iGao 9N^7y 

1 0 9, 209, 30 9, 4 09, 5 0 9 p^GaN 

110, 2 10, 3 10, 4 10, 5 10 tfe&ttaS? 

211, 311, 411, 511 vmmm 

112, 2 12, 3 12, 4 12, 512 nS®l 
144, 244, 441, 544 r^P*|5 
0 20 1, 50 1 n^GaNSte 

20 2, 50 2 nSGaNx^.>7T^ 
20 5 pSiGaNftatffijhg 

20 7,3 0 7,40 7,50 7 I n G a N^S»^ 

3 0 5, 405 nSGaNSpfflfkS 

306, 406 n^Alo.o5Gao.BsN^7.y KS 
308,408 pSA lo.osGao.95NtJ'7S/ KS 

4 8 8 n m.K 1 o. osG a o. 95Nai©£ih^ 

5 5 5 p ^A 1 o. osG a o. BsN«iiiE|iajt^ 
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